Microfabrication process of the integrated microchip.
shows the microfabrication process of the integrated microchip compose of a bulk acoustic wave (BAW) resonator and a gold electrode. During fabrication, the relative spatial structure of the top/bottom electrode and the piezoelectric layer will generate parasitic capacitance and/or inductance. When the resonator vibrates at longitudinal mode, the parasitic capacitance and/or inductance would generate a new vibrating mode, which will decrease the quality factor of the device and affect the detection the main working mode. Thus, we tried to optimize the shape the resonator and found that the parasitic effect would be minimized with the polygonal shape. In Video S1-S3, the fluorescent SLB was also made of NBD-PE to facilitate the fluorescence imaging of the changes of SLB under hypersound. Figure S2 . Fluorescence imaging of the SLB made of NBD-PE on top of the resonator.
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Simulations of the NEMS resonator.
To understand the mechanism of membrane deformation induced by the propagation of hypersound, we used a 2D finite element model (FEM) simulation. Figure S3 shows the simulated patterns of the deformation of the resonator. The corresponding vertical displacements of the resonator surface under hypersound of different input powers are illustrated in Table S1 . Figure S3 . FEM simulations of the surface deformation when hypersound is activated from the resonator. The frequency of the resonator was 1.6 GHz and the input power of hypersound was 500 mW. The color bar indicates the vertical displacement of the resonator surface during the propagation of hypersound from min (blue) to max (red). 
CV tests of the SLB.
As Figure S4 shows, CV curves were recorded with the SLB-coated gold electrode by switching on and off the hypersound of different powers and durations. In the case of 250 mW for 5 min, the curve recovered to the original state by turning off hypersound (blue dash line).
However, when the input power of hypersound was increased to 500 mW and the stimulation time was extended to 30 min, the curve did not recover any more (purple dash line) after turning of hypersound, which indicates that the SLB has been damaged under such high stimulation. . Real-time recordings of the ion current through the SLB on the integrated device by alternatingly switching on and off the hypersound (the input powers were successively 10, 32, 50, 100, 160, 250 mW). The electrolyte solutions were respectively NaCl, MgCl 2 (2 mM in pure water).
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